Background-Timing abilities are critical to the successful management of everyday activities and personal safety, and timing abnormalities have been argued to be fundamental to impulsiveness, a core symptom of attention-deficit/hyperactivity disorder (ADHD). Despite substantial evidence of timing deficits in ADHD youth, only two studies have explicitly examined timing in ADHD adults, and only at the supra-second time-scale. Also, the neural substrates of these deficits are largely unknown for both youth and adults with ADHD. The present study examined sub-second sensorimotor timing and its neural substrates in ADHD adults.
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a prevalent neurobehavioral disorder estimated to affect up to 10% of children and 5% of adults worldwide (1) , and is associated with morbidity and disability across the lifecycle (2) . Its core features include symptoms of inattention, impulsivity and hyperactivity.
One source of morbidity in ADHD has been attributed to deficits in the capacity to accurately and consistently process and act on temporal information, namely deficits in timing abilities. Such a capacity is critical to personal safety and to successful management of everyday activities such as social interactions, driving and performing cognitive tasks. It has also been argued that abnormalities in timing functions are fundamental to impulsiveness (3), a core feature of ADHD.
Observational and experimental data on ADHD support the hypothesis that individuals with ADHD have widespread timing deficits. For example, some impulsive behavior in ADHD individuals could indicate an inability to adjust to environmental timing demands. Also, difficulties arriving at appointments on time, poor planning and tendencies to forgo delayed larger rewards for smaller immediate rewards (4) could suggest an altered sense of time. Experimental data of ADHD youth have shown either less accurate or more variable performance than matched controls on a number of timing tasks including paced finger tapping (5) , duration reproduction (6) (7) (8) , duration discrimination (9) , verbal time estimation (10) , and temporal anticipation (5, for review see 11) . In fact, one of the most consistent findings in ADHD youth is increased within-subject variability on a range of tasks (as reviewed in [12] [13] , indicating an inability to register responses at evenly-timed intervals. This variability has been shown to be related to attentional ratings and to decrease in response to methylphenidate (5, 14) . Thus, an increased understanding of this variability, as well as timing more generally, has potential implications for treatment of and understanding core features of ADHD.
Although most support for timing deficits have been shown in ADHD youth, abnormalities in time estimation, discrimination and reproduction have been shown in ADHD adults (7, 15) . However, these data are limited, and restricted to the supra-second level.
In healthy adults, brain regions most commonly associated with timing processes are the frontal cortex, basal ganglia (BG), and cerebellum (16) (17) (18) , with support for differential functional localization of timing involving short versus long time intervals. Timing of suprasecond intervals, as used in the previous adult ADHD studies, is thought to occur in BG and frontal cortex regions with task-related neural activity often being attributed to attention and working memory demands (11, (19) (20) (21) . Timing of sub-second intervals is associated with the cerebellum which has been described as a millisecond-range timekeeper or the "internal clock" (19, 20) . Despite these general distinctions, there is also evidence of BG and frontal involvement in sub-second timing as well as cerebellar involvement in supra-second timing (for reviews see 20, [22] [23] .
Interestingly, although numerous brain regions have shown structural or functional neuroimaging abnormalities in ADHD, some of the most consistent findings have been in areas associated with timing including frontal, BG and cerebellar regions (24) (25) (26) (27) (28) (29) (30) . There have been no studies using fMRI to examine timing functions in ADHD adults. However, Rubia and colleagues (31) (32) showed that ADHD adolescents had less activation than controls in cingulate regions during 5s-interval synchronized tapping, although no differences were observed with a 600ms interval. Smith et al. (33) found less activation in several frontal regions for ADHD adolescents relative to controls during performance on a duration discrimination task. Also, ADHD youth showed less cerebellar activation than controls while performing a temporal expectancy task (34) .
The neural signature of ADHD has been conceptualized in terms of abnormalities in networks of response inhibition (35) , attention (36) and reward (37) , among others. However, despite demonstrating behavioral impairments across a range of timing-related functions, the idea that the neural underpinnings of ADHD result from abnormalities in timing networks is not a common model. The goal of this study was to elucidate the neural substrates of sensorimotor timing in ADHD using a simple timing task to test the hypothesis that abnormalities in timing networks contribute to the pathophysiology of ADHD.
Thus, we used fMRI and a 500ms tapping task in ADHD adults. This tapping interval was chosen both to examine sub-second timing in ADHD adults, and also to decrease potentially confounding influences from other cognitive processes such as working memory. Additionally, for stimulus rates less than 2-3 seconds, participants tend to anticipate when the next tone will occur and tap synchronously with, or prior to the tone, rather than waiting to hear it (38) . Thus, at this interval length, timing is expected to rely more strongly on the "internal clock" despite the presence of pacing tones. We also mitigated the potential effects of delay aversion (39) by using a temporal production, rather than an anticipation or reproduction task. As variability was our primary measure of timing control of the internal clock (40), we included unpaced tapping and used the Wing and Kristofferson (41) variance decomposition analysis of response variability. In this model, elevated central, "clock", variance suggests problems with the internal timing processes, whereas elevated motor variance suggests problems with execution of motor plans. We predicted that, relative to controls, ADHD adults would show timing abnormalities as reflected by greater withinsubject variability on the tapping task for both paced and unpaced trials, and that, for the unpaced trials, greater variability would be due to elevations in clock rather than motor variance. We also predicted that, relative to controls, ADHD adults would show less activity in the frontal, BG and cerebellar regions which are commonly engaged in timing and have been shown to be abnormal in ADHD.
Methods and Materials

Participants
Participants were 21 adults with ADHD and 19 controls comparable on age, sex, and estimated IQ. Participants were recruited from ongoing studies of ADHD conducted at Massachusetts General Hospital. Written informed consent was obtained for all participants, and the study was approved by the Partners Human Research IRB committee.
Participants were excluded if they: 1) were younger than 18 or older than 55; 2) had an estimated Full Scale IQ < 80; 3) had a current psychotic, depressive or generalized anxiety disorder; 4) had current alcohol or substance abuse or dependence (SCID; 42; 5); had an inadequate command of the English language; 6) had sensorimotor handicaps or neurological disorders; 7) had contraindications to MRI; or 8) were currently taking psychotropic medications (other than short-acting psychostimulants). One ADHD subject was left handed and all performed the tasks with their right hand after training. Fourteen of the 21 ADHD participants (67%) had taken medications for ADHD in their lifetime: five had taken them in the past (not currently), and nine were taking short-acting psychostimulants close to the time of scan but underwent a 24-hour washout period before the fMRI visit. (See the Supplement for more details.) ADHD and control adults received identical assessments as in previous reports (43) . To assess psychopathology we administered the SCID (42) . To assess ADHD, we used a module derived from the Schedule of Affective Disorders and Schizophrenia for School Age Children (Kiddie-SADS E; (44) . Two ADHD participants had an age of onset of 8 and one of age 12. However, given prior studies failing to support the validity of using the age cutoff of 7 years (45) (46) , these participants were considered ADHD. A committee of boardcertified child and adult psychiatrists and licensed psychologists blind to referral source resolved diagnostic uncertainties.
Cognitive testing included subtests from the Wechsler Adult Intelligence Scale-III (WAIS-3; 47). Vocabulary and either block design or matrix reasoning were used to calculate an IQ estimate (48) (49) 
Task and Design
Functional imaging runs contained 15s blocks of: fixation (F; central crosshair), paced tapping to a 50ms tone at a rate of 500ms (P), unpaced tapping (U), and listening to the pacing tone without tapping (L). The F-P-U-L order repeated 3x/run (Fig. 1 ). Tones were presented through a pair of pneumatic headphones. The L blocks were included as a control task for which we did not anticipate between-group differences.
Behavioral Analysis
Behavioral measures were the mean and standard deviation (SD) of the intertap interval. Intertap intervals outside 50% of the goal interval were excluded from analyses (e.g., 50-51). Using a linear regression analysis, data were detrended to remove variability associated with linear drift in tapping rate over time and possible effects of fatigue (52) (53) . Variance associated with timing versus motor implementation were partitioned using Wing and Kristofferson's (41) model. (See the Supplement for more details.) We also conducted correlational analyses between ADHD symptoms and within-subject variability of the unpaced data.
MRI Parameters
Data were acquired using a Siemens Trio 3T scanner, 12-channel head coil (42 axial slices, 3mm thick, 0.6mm interslice gap, gradient-echo EPI, TR=2500ms, TE=30ms, 3.1mm × 3.1mm in-plane resolution, 85 total images/run).
fMRI Analyses
Image analysis-fMRI data were analyzed using SPM2 for preprocessing and SPM5 for statistical modeling (Welcome Department of Cognitive Neurology, London). Preprocessing included correction for head motion, spatial normalization, and spatial smoothing with a Gaussian filter (8mm full-width half-maximum). Individual runs exhibiting a spike of more than 3mm of scan-to-scan head motion were dropped. As a result, 3 runs were dropped from the control group and 1 from the ADHD group. First Level Analyses-First level analyses used a general linear model, with task blocks modeled as epochs convolved with a canonical hemodynamic response function. Contrasts of task against the implicit baseline were created for the paced, unpaced and listen blocks. The resulting parameter estimates derived for each subject were used in the second level analysis.
Second Level Analyses-A mixed-effects second level analysis was performed using a voxel-wise factorial ANOVA, with Subject, Group and Task factors. For our planned contrasts, the critical threshold for voxel-wise estimates of task-related activity was p < .05, FWE-corrected, with an extent threshold of 20 contiguous voxels. We computed statistical parametric maps of: (1) simple effects for the paced, unpaced, and listen activity within and between groups, and (2) a group by task interaction for paced vs. unpaced tapping. We also conducted regression analyses to look at the effect of ADHD symptoms on unpaced taskrelated neural activation. (See the Supplement for details and additional analyses.)
Results
Demographics
There were no differences between ADHD and control adults on age (t(38) = −.40, p > .05) or estimated IQ (t(38) = .24, p > .05; Table 1 ). The distribution of ADHD subtypes based on current symptoms was: combined, N=5; inattentive, N=12; and not otherwise specified (NOS), N=4. Participants were categorized as NOS if, as is typical of many ADHD adults (54), current symptoms were below the DSM-IV symptom threshold. (See the Supplement for more details.)
Behavioral results
There were no differences in mean tapping rate for either paced (t(38) = −.08, p > .05) or unpaced (t(38) = −1.36, p > .05) tapping between ADHD and control adults. However, consistent with previous reports (13), ADHD participants exhibited higher within-subject variability for both paced (t(38) = −2.11, p = .042) and unpaced (t(38) = −2.89, p = .008) tapping ( Table 2 ). The distribution of the unpaced tapping variability (Fig. 2) demonstrates that over half of the ADHD adults had higher variability than all but one control subject.
We applied the variance decomposition analysis (41) to the unpaced blocks. There were significant differences between ADHD and control groups for clock (t(38) = −3.00, p = . 005) but not motor (t(38) = −.80, p > .05) variance of unpaced tapping (Table 2 ; Fig. 3 ).
There were no significant relationships between number of ADHD symptoms and total within-subject variability (r's = −.00 and .19, p>.05 for inattention and hyperactivity correlations respectively).
Functional imaging results
Simple effects of paced tapping-Areas of activation for control participants included numerous regions consistent with previous tapping and timing studies (18,55-56; Table S1A in the Supplement; Fig. 4 ).
Relative to controls, ADHD adults showed significantly decreased activity in right cerebellum (declive), left inferior frontal gyrus (IFG) and middle frontal gyrus (MFG), bilateral precentral gyri and inferior parietal lobule (IPL), left middle and superior temporal gyri (STG), and bilateral insula (Table 3 ; Fig. 4 ). There were no regions for which ADHD adults showed significantly greater activation than controls.
Simple effects of unpaced tapping-Areas of activation for controls included numerous regions consistent with unpaced tapping and timing observed in previous studies (18,55-56; Table S1B in the Supplement; Fig. 4 ).
Relative to controls, ADHD adults showed relatively decreased activation in bilateral cerebellum (culmen and dentate nuclei), bilateral IFG, right MFG, as well as left precentral gyrus, caudate tail, putamen, insula and amygdala (Table 3 ; Fig. 4 ). There were no regions for which ADHD adults showed significantly greater activation than controls.
Simple effects of listening to the tones-Controls and ADHD adults showed activation patterns consistent with what would be expected from an auditory task with primary activation in bilateral auditory cortex (Brodmann area 41/42, STG). (Results available upon request.) As predicted, there were no differences between ADHD and control adults in any regions for the listen task.
Group by task interaction-The group by task interaction failed to show statistically significant differences in neural activity between paced vs. unpaced tapping for the two groups. This was not surprising since it is typical for participants to use their own internal timing rather than the tones to perform sub-second tapping tasks (38) .
Symptom relationships to neural activity-There were no significant relationships between number of ADHD symptoms and BOLD response for the unpaced data.
Discussion
We used a tapping task with fMRI to examine motor timing abilities and their neural substrates in adults with ADHD. Behaviorally, we found that controls and ADHD adults showed similar mean tapping rates, but differences in within-subject variability, with ADHD adults showing greater variability than controls. Importantly, the ADHD adults showed increased clock rather than motor variability suggesting a deficit in timing rather than motor execution. These behavioral results were paralleled by atypical patterns of activity in a network of regions which are frequently associated with timing, namely the motor and premotor areas in frontal cortex, cerebellum, and BG.
The behavioral findings are notable in several ways. First, these data show that motor timing abnormalities (e.g., increased within-subject variability), previously observed in ADHD youth (57) can also be observed in ADHD adults. There have been no previous studies examining either tapping or sub-second time intervals in ADHD adults. Thus, this study extends what we know about timing irregularities in this population. Future studies designed to examine whether ADHD adults with high vs. low within-subject variability systematically differ in neural activity would be informative.
Second, the behavioral data show that, on average, ADHD adults have greater tapping variability than controls. Most interestingly, using a temporal variance decomposition method (41) we show for the first time that this variability is related to variability of the central clock rather than motor implementation. Given the ubiquitous nature of the higher performance variability for ADHD individuals, knowing more about the mechanism of this atypical variability is an important issue. Our data provide support for abnormalities in timing mechanisms rather than abnormalities in movement execution.
This result is consistent with conclusions drawn by Rommelse and colleagues (58) who had ADHD and control children conduct tapping tasks with and without a pacing stimulus. They found that ADHD children showed abnormal speed and variability for paced tapping, but typical performance while tapping as quickly as they could at their own rate. Rommelse et al. (58) interpreted this result as reflecting timing rather than motor function differences.
Neuroimaging results show that ADHD adults have abnormal patterns of activation while performing the tapping task. As predicted, ADHD adults showed relatively less activity than controls in frontal, cerebellar and BG regions. More specifically, regions of relative hypoactivity were observed in primary motor and premotor (IFG and MFG) frontal areas, and the cerebellum (culmen and declive lobules IV-VI and dentate nuclei), as well as the caudate and putamen.
Failure of the ADHD adults to activate frontal and cerebellar regions to the same degree as controls could indicate difficulties in engaging fronto-cerebellar circuits critical for optimal task performance. For example, lobules IV-VI in the right cerebellar hemisphere and the left primary motor cortex (BA 4) comprise nodes of a network associated with motor timing (16, (59) (60) . Strick and colleagues (for review see 61) have shown that there are multiple cortico-cerebellar loops, one of which includes reciprocal projections between the motor cortex and cerebellar hemispheres IV-VI. These data suggest a fronto-cerebellar substrate for timing processes engaged for movement control (16, (60) (61) (62) . It is possible that difficulties in optimally engaging this network could contribute to the relatively greater within-subject variability of the ADHD adults over controls while performing this task.
The BG and IFG have been noted to be key timing areas (63) (64) , shown to be active in tapping tasks similar to those used here (55) and also in paradigms for which motor confounds have been controlled (22, 65) . The BG, in particular the putamen, have been shown to be preferentially involved in internally generated movements (66) . The IFG may involve the internal timing of movements perhaps via subvocalization of the tones (55) . Failure to activate the BG and IFG as strongly as controls may make it more difficult for the ADHD adults to internally generate movements at the appropriate rate.
Our neuroimaging findings contrast with the results of Rubia and colleagues (5,31) who reported no differences between ADHD and control youth for sub-second timing synchronization and differences in cingulate regions for a supra-second timing. However, these experiments differ from ours in that they were conducted with adolescents, relied on smaller samples (7 ADHD, 9 controls), and used a visual pacing stimulus. That we did not find between-group differences in cingulate regions could also result from our use of a sub-, rather than supra-, second timing pacing task. There is an abundance of evidence for differential functional neuroanatomy for sub-vs. supra-second timing. Our results show more consistency with the findings of Durston et al. (34) and Smith et al. (33) who found less activation in ADHD youth relative to controls in cerebellar and frontal regions (including the IFG) during time expectancy violations and duration discrimination tasks respectively. Notably, these studies were conducted with youth in contrast to our study using adults. Additional research is needed for all age groups to gain converging evidence on the neural substrates of timing in ADHD.
Functional abnormalities for non-timing-related tasks in the IFG and BG in ADHD samples have been well established (26, 28) . Also, our finding of decreased activation in the motor cortex is consistent with data of Mostofsky and colleagues (67) who found a smaller extent of activation in the motor cortex for ADHD children relative to controls during performance of a self-paced sequential finger tapping task.
In addition to predicted regions of abnormality during tapping task performance, ADHD adults showed less activation compared to controls in several other regions commonly associated with sensorimotor timing. The insula has been shown to be involved in sensorimotor synchronization (56, 68) . In conjunction with the IFG, the insula has been proposed to facilitate timing via subvocal rehearsal of the target interval and through multimodal integration (69) . Less activation for the ADHD adults relative to the controls in the IFG and insula could reflect more difficulty for the ADHD adults in integrating their internal rehearsal of the tones with the motor response.
The inferior parietal lobe's (IPL) involvement in time perception is well established (22, (70) (71) . One hypothesized role for the IPL involves its making covert shifts of attention to temporal stimuli (72) . Thus, abnormalities in this region could contribute to more difficulties shifting and maintaining attention to the tones.
The role of the STG in timing appears to vary depending on the location within the STG. Coull and colleagues (63) proposed an anterior-posterior timing gradient in the STG such that areas at ~y = −20 are linked with automatic motor timing, such as paced tapping to an auditory tone (55, 73) , and posterior regions are implicated in cognitive perceptual timing (74) (75) showing activation in the absence of auditory cues (22) . In our data, the location where the ADHD adults showed less activation than controls, ~y = −50, is consistent with the area that has been shown to be active during perceptual duration discrimination tasks. Thus, the failure of the ADHD adults to engage this region could contribute to difficulties perceiving the precise timing of the tones and subsequently maintaining the proper timing of the taps. While performing the tapping task, ADHD adults consistently demonstrated less activation than the controls suggesting that the ADHD adults are not sufficiently recruiting regions associated with sensorimotor timing. Notably, the lack of activation differences between the ADHD adults and controls on the listen task and lack of differences in areas of the auditory cortex associated with hearing tones (~y = −20 in the STG) for the paced task, indicates that the hypoactivity relative to the controls was not a nonspecific global reduction, but rather more specific to the demands of the temporally demanding tapping task.
In all, abnormal neural activity was demonstrated in our predicted brain regions commonly associated with both ADHD and timing (frontal cortex, BG, cerebellum), as well as other regions often involved in timing (e.g., insula, IPL, STG). These data support our hypothesis that abnormalities in timing networks contribute to the pathophysiology of ADHD and may represent a core dysfunction of the disorder. The kinds of temporal processing deficits observed here are in keeping with the consistently reported increased within-subject response time variability in ADHD (12-13). We hypothesize that suboptimal engagement of this timing network (which overlaps with a cerebellar-prefrontal-striatal network long hypothesized to be abnormal in ADHD; 76) represents a core neurofunctional abnormality and contributes to basic timing impairments as well as possibly other behavioral features of ADHD (e.g., delay aversion, inability to wait one's turn). As such, testing hypotheses that these and other relevant behavioral manifestations of ADHD reflect abnormalities in timingrelated neural networks should further our understanding of the disorder.
Finally, there were no relationships between ADHD symptoms and behavioral or imaging data for the unpaced tapping task. This suggests that this timing abnormality is not associated with number of ADHD symptoms and supports a hypothesis that timing abnormalities are core features of ADHD independently of inattentive and hyperactive symptoms. However, it could also be that other symptom measures which we did not use or perhaps a more precise measure of symptom severity (rather than symptom number) would have shown a relationship. Future studies designed to address such questions using dimensional ADHD rating scales could be revealing.
Our study and its conclusions need to be considered in light of methodological limitations. First, ADHD individuals have been shown to have abnormalities in both fine and gross motor abilities (77) . The atypical activity associated with our tapping task could be associated with either timing or movement implementation problems rather than timing per se, or could be a result of the combination of the two. Our paradigm does not allow us to definitively resolve this question. However, analyses with the Wing and Kristofferson model (41) , which show differences in clock, but not motor, variance, suggest a timing explanation for our results. Also, the lack of any between-group differences for the paced vs. listen group by task interaction (see the Supplement) suggests that ADHD and control adults do not differ in movement-related activation. Additionally, many of the regions showing atypical activation in the ADHD adults are consistent with results of a recent meta-analysis of timing which included a range of timing tasks that accounted for motor processes (18) . Still, future studies which employ other timing paradigms without movement would be helpful in addressing this question. Second, some of our ADHD participants did not meet the symptom threshold at the time of scan. However, it is common for adults to fall below symptom threshold (54) . If anything we would expect this to diminish the strength of ADHD vs. control effects rather than create spurious effects. Third, although matched, the mean IQ of our groups was higher than "average" and it is unclear how well these results would generalize to ADHD adults with average mean IQs. Additionally, although group-matched on sex, both males and females were included in our sample and it is possible that betweengroup differences may not be the same for males and females. Future studies should employ larger groups balanced by sex to address potential sex differences. ADHD subjects who were taking psychostimulants underwent a 24-hour wash-out period. However, it is still possible that long-or short-term effects of psychostimulants could have affected our results. If this were the case, we would expect potential effects of psychostimulants to diminish our between-group effects (78) . Finally, employing a parametric characterization of the tapping task or supra-second timing would be useful in evaluating the effects of timing load and/or time scale on neural abnormalities in ADHD adults and should be used in future studies.
Overall, these findings significantly increase our understanding of the behavioral and neurofunctional aspects of sensorimotor timing abnormalities in ADHD adults. These data demonstrate that timing abnormalities at the sub-second level persist into adulthood and also provide the first evidence of the underlying neural substrates for the observed differences in movement rate control in adult ADHD.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Diagram for paced, unpaced and listen tasks. During the paced phase participants made keypresses with the right index finger on a button box in time with a series of 50ms computergenerated tones presented binaurally. Participants were instructed that they were to tap (press the key on the button box) to the beat of the tones (P), that the tones would stop, but that the participants were to continue tapping (U) while trying to maintain the original tapping rate until they saw the word "Stop" on the screen. For the L blocks, participants were instructed to simply listen to the tones without tapping when they saw the words "Listen Only" on the screen. The L blocks were included as a control task for which we did not anticipate differences between groups. (Instruction screens for starting the paced blocks "Ready? Tap along…", stopping the unpaced blocks "Stop", and beginning the listen blocks "Listen Only" are not shown in the diagram.) Distribution of unpaced tapping variability for control and ADHD adults. Twelve of 21 (57 %) of the ADHD adults have higher variability scores (shown in the ellipse for the ADHD group) than all but one of the control subjects (shown in the ellipse for the control group). Among the high variability ADHD subjects, half were currently medicated and half were not, suggesting that differences in variability were not simply due to medication effects. Total, clock and motor variance and their standard error for the unpaced tapping generated using the method of analysis introduced by Wing and Kristofferson (41) to dissociate the contribution of the central (clock) variance from variance associated with the motor implementation. Top panel. Activity associated with performance of paced tapping. We show t-values for signal change for the paced task greater than fixation baseline contrast in the ADHD and control groups as well as for the control group activation greater than the ADHD group activation. Coordinates are in MNI space. Height threshold: p < .05, FWE corrected. Extent threshold: k = 20 voxels. Bottom panel. Activity associated with performance of unpaced tapping. We show t-values for signal change for the unpaced task greater than fixation baseline contrast in the ADHD and control groups as well as for the control group activation greater than the ADHD group activation. Coordinates are in MNI space. Height threshold: p < .05, FWE corrected. Extent threshold: k = 20 voxels. There were no significant differences between ADHD and controls for age, IQ estimate or sex ratio. F = female; M = male.
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Table 2
Kinematic results for paced and unpaced tapping tasks.
ADHD
M (SD)
Control
M (SD)
Tapping Phase * Indicates a significant difference between ADHD and control adults, p < .01. Between-group differences were assessed using independent sample t-tests. Values are reported as mean and standard deviation -M (SD). Tapping times and variability are reported in milliseconds (ms). Variance for the unpaced phase of the tapping task was generated using the method of analysis introduced by Wing and Kristofferson (41) to dissociate the contribution of the central (clock) variance from variance associated with the motor implementation. Table 3 Group differences for the paced and unpaced tasks. Contrast of control group greater than ADHD group for the paced and unpaced task. Biol Psychiatry. Author manuscript; available in PMC 2011 August 15.
